of any specific peptide (Martin & Northcote, 1982a) . The inhibitor retarded the time of appearance of the final qualitative pattern of the peptides which was identical with that of the normal seeds. It appeared therefore that both endogenous and exogenous gibberellic acid regulated the rate of protein synthesis by determination of the time of the production of translatable mRNA in castor bean endosperm, although the mRNA species that is produced followed a preset developmental course.
A more direct approach to the problem was to use a specific probe for the mRNA production. Accordingly, a cDNA library of the mRNA from the endosperms was prepared in pBR322. The library was screened in the first instance to select those clones which were complementary to mRNAs specific to or enriched in the endosperm tissue and then the clones were further identified by hybrid release translation. The proteins formed were analysed by molecular weight determination on SDS/polyacrylamide gel and by use of the specific antibodies. Clones complementary to the mRNA of isocitrate lyase and malate synthase were obtained together with several unidentified clones which were complementary to transcripts produced by the endosperm during germination. Using these clones it was confirmed that gibberellic acid non-specifically stimulated the production of transcripts from the genome. The action of gibberellin in these seeds may therefore occur either by a synchronization of cellular activity, so condensing the time scale for the developmental changes that occur, without altering the rate of activity in any particular cell, or it may modify the rate of transcription in each cell of the endosperm (Martin et al., 1984) .
Action of abscisic acid during germination
Exogenous abscisic acid acted in a contrary manner to that of gibberellic acid: it inhibited germination, the production of ribosomal RNA, total mRNA and consequently the specific transcripts for isocitrate lyase and malate synthase. However, the application of abscisic acid did, unlike gibberellic acid, give some specific effects since some mRNAs were stimulated by the growth factor, in particular the major mRNA stored in the dry seed, coding for a polypeptide of M , 25600 (Dommes & Northcote, 19856) . In the presence of abscisic acid this polypeptide was maintained for periods of up to 7 days of germination whereas in its absence it was not present after 12 h.
The inhibitory action of abscisic acid was achieved mainly by a general inhibition of transcription (or maybe it was the consequence of an acceleration of RNA turnover), although there was some indication that this effect was greater on isocitrate lyase and malate synthase mRNAs than on total translatable mRNA (Dommes & Northcote, 1985~) . There was little evidence for an action of abscisic acid at the level of translation. The inhibitions were all counteracted by the application of equivalent amounts of exogenous gibberellic acid.
Formation of glyoxysomes
The cDNA for isocitrate lyase has now been sequenced (J. R. Beeching & D. H . Northcote, unpublished work). The insert of 2.2kb from clone ICL4 was studied and proved to contain the entire coding region, 1731 bp, for isocitrate lyase. The amino acid sequence of the enzyme was determined and a region concerned with trans-membrane segregation tentatively identified. By analogy with muscle aldolase a lysine residue that possibly takes part in the binding of the substrate was identified. The 5' untranslated region contained three putative polyadenylation addition signals and two direct repeats. We are in the process of sequencing the cDNA for malate synthase. Comparison of these sequences will suggest mechanisms for the targeting of these enzymes to the glyoxysome and may help in the study of the possible transformation of glyoxysomes to peroxisomes and ideas on the biogenesis of these organelles.
Genomic clones for the enzymes will be prepared so that a study of gene regulation becomes possible. Promotor and enhancer sequences for the production of the glyoxysomal enzymes will give some insight into the co-ordinated gene regulation that occurs during the formation of this specific organelle at seed germination.
The differentiated state of higher plant cells is characterized by the expression of specific gene pools which are activated as a consequence of changes in the developmental stage and/or environmental conditions. The molecular mechanisms controlling the differential activation of plant genes are largely not understood. Due to the development of plantoriented gene vectors such as the Ti plasmid of Agrobacteriurn tumefaciens (for a review see Caplan et al., 1983) plant genes can be analysed for the presence of cis-regulatory sequences by constructing chimaeric genes containing Abbreviations used: kb, kilobases; bp. base pairs part of the supposed regulatory sequences and reinserting them into plants.
We have recently started a programme on the isolation and physical, as well as functional, characterization of genes from potato which are expressed in either a developmentalspecific or environmentally induced manner. Potato was chosen as it is, on the one hand, reasonably well developed in respect to its cell biology thus being a suitable host for gene-transfer experiments, and, on the other hand, represents one of the most important crop plants worldwide.
The patatin gene family
Patatin is the trivial name for a glycoprotein of molecular mass about 40kDa which represents the major protein species in potato tubers (Racusen & Foote, 1980) . The expression of the patatin protein as well as its mRNA is normally strictly tuber-specific (Park, 1984; Rosahl et al., 619th MEETING. CAMBRIDGE 1986~) . Run-off experiments performed in isolated nuclei indicate that this developmental-specific expression is controlled mainly at the level of transcription (Rosahl et ul., 1986~) . The developmentally controlled expression of the patatin gene is, however, subject to changes in the environmental conditions, e.g. wounding of potato tubers by slicing leads to a rapid reduction of the level of patatin mRNA as well as the transcription of the patatin genes (Logemann, 1985) . Patatin is encoded by a multigene family consisting of about 8-10 different members per haploid genome. Several cDNA, as well as genomic clones, encoding patatin have been isolated and characterized. The patatin gene is composed of seven exons extending over a range of 5 kb in one case analysed. The open reading frame consists of 1158 nucleotides, allowing for a protein of approx. 44 kDa. Slprotection experiments have localized the 5'-end of the gene 65 nucleotides in front of the ATG. The 5'-upstream as well as the 3'-downstream region contains sequences typical of most eukaryotic genes (Rosahl et ul., 1986b) .
The nucleotide sequence of the 5'-upstream region of five different patatin genes has been determined. Most strikingly in four of these five genes the sequences up to approx. -300 are highly conserved, the differences being mainly due to insertions and deletions as well as single nucleotide exchanges (Koster & Rocha-Sosa, unpublished work).
The protein coding region of one genomic clone was fused to the 5'-upstream region of a leaf/stem specifically expressed gene (cf. below) and transferred into tobacco. High amounts of patatin mRNA as well as patatin protein could be detected in the extracts of transgenic tobacco plants, indicating that both the RNA as well as the protein accumulate stably in a heterologous organ of a heterologous plant. Furthermore this result proves that the processing of the rather complex precursor RNA of the patatin gene is not developmentally controlled. Finally, it indicates the absence of dominant cis-regulatory sequences in the RNA-coding as well as the 3'-downstream region of the patatin gene which would inhibit its expression in a heterologous organ . Experiments aimed at the functional analysis of 5'-upstream region of the patatin genes are in progress.
The leu~/stem-.~peci~fic.al!v expressed ST-LSI gene
As a second example of a developmentally controlled gene we have isolated a single-copy gene from potato (Solunum tuberosum) which is expressed in a leaf/stem-specific manner. Again the developmentally controlled expression is controlled mainly at the level of transcription. In addition to being developmentally controlled, the expression is also light-dependent and associated with the presence of mature chloroplasts (Eckes el al., 1985) .
This gene has been physically characterized by sequencing both cDNAs as well as a genomic gene. It contains five exons, allowing for a protein of 18 kDa. The deduced amino acid sequence, however, does not yet show any significant homology to known protein sequences.
In order to functionally analyse this gene it was first tagged by an exon-modification, i.e. by inserting a 470 bp long fragment derived from gene 2 of the T-DNA of pTI ACHS into the last exon of the gene and transferred into both tobacco as well as potato plants. In the transgenic plants the modified gene gives rise to an mRNA approx. 1200 nucleotides long, which exceeds the size of the mRNA made from the resident gene by the expected difference of 470 nucleotides. Due to this size difference the expression of the resident and the transferred gene can be followed simultaneously on a Northern blot (Eckes et al., 1986) .
Analysis of the expression of the modified gene in transgenic potato plants shows that the transferred gene is expressed in an organ-specific, light-inducible manner, paraVol. 15 lleling the expression of the resident gene. The level of expression of the transferred gene, however, differs significantly in between different transformants. In five cases analysed the level of expression of the transferred gene was correlated with the copy number of the transferred gene. In parallel, the modified gene was also transferred into tobacco plants, where again an organ-specific (leaflstem-specific), light-inducible pattern of expression was found.
In a next step different parts of the 5'-upstream region of the ST-LSl gene were fused to the CAT-gene and the resulting chimaeric genes transferred into tobacco plants. Analysis of the expression of the different constructs showed that the sequences contained in between nucleotide -340 and + 1 are sufficient for organ-specific and light-inducible expression (Stockhaus, unpublished work).
The proteinuse inhibitor I I gene
As a third example of a differentially expressed gene from potato we isolated and characterized a proteinase inhibitor 11-encoding gene. Proteinaceous proteinase inhibitors represent ubiquitous compounds found in a variety of animals and plant species. In plants especially, proteinase inhibitors are thought to play a role in the defence strategy of the plant against microbial and insect attack.
The expression of the proteinase inhibitor I1 is under a rather complex control of both developmental as well as environmental factors. In a non-wounded potato plant the expression of the proteinase inhibitor I1 genes is restricted to tubers. However, when leaves are wounded mechanically proteinase inhibitor I1 expression is induced, indicating that the developmentally controlled suppression of the proteinase inhibitor I1 expression in leaves can be overcome by a drastic change in the environment. To further complicate the situation proteinase inhibitor I1 mRNA disappears from tubers after wounding (Sanchez-Serrano el a [., 1986) .
We have isolated both cNDAs as well as one genomic clone encoding proteinase inhibitor I1 from potato. The proteinase inhibitor I1 gene is interrupted by only one intron. The open reading frame allows for a protein of 154 amino acids. The N-terminal part of the protein most likely represents a signal peptide which is cleaved off co-translationally during transport into the endoplasmic reticulum, from where the proteinase inhibitor finally gets compartmented into the vacuole (M. Keil, J. Sanchez-Serrano, J . Schell & L. Willmitzer, unpublished work) .
In order to test whether the genomic clone encoding proteinase inhibitor 11 from potato described above contains all signals necessary for the induction of its expression by wounding, the gene as well as 3 kb of its S'-upstream and 1.45 kb of its 3'-downstream sequences were introduced into tobacco using AgrohacteriurnlTi plasmid-mediated gene transfer. Southern analysis of the transformed and regenerated plants showed the presence of at least one copy of the intact gene, whereas no sequences homologous to the proteinase inhibitor I I gene could be detected in non-transformed tobacco plants.
RNA isolated from unwounded leaves of seven independent transgenic tobacco plants did not show any detectable homology to proteinase inhibitor I1 gene in a Northern type experiment, whereas an RNA of 800 nucleotides, i.e. of the expected length, could be clearly detected in three out of the seven tobacco plants after mechanical wounding of the leaves. These data therefore demonstrate that the cisregulatory sequences necessary for wound-induction of this proteinase inhibitor I1 gene of potato are all contained on the genomic fragment transferred. In addition, these sequences must be recognized by (probably) trans-acting factors present in a heterologous plant (tobacco) which does not contain the corresponding gene in its own genome (J. Sanchez-Serrano, unpublished work).
U . K .
The pigmentation of flowers is not purely a topic for aesthetic appreciation but also one that merits scientific interest and research. Within commercial lines of Antirrhinurn majus there is a wealth of variety in the degree of colour formation and the pattern of its production. Such variety indicates that the production of floral pigments, and in particular the production of anthocyanin, is a highly regulated process. Anthocyanin production is regulated developmentally, environmentally and genetically. Such regulation appears to operate primarily through the control of anthocyanin biosynthesis, and some of the genes involved in biosynthesis have been studied in an attempt to understand these mechanisms of regulation.
The pathway of synthesis of anthocyanins is rather complex. The specific pathway for the synthesis of flavonoids and isoflavonoids, which begins with the enzyme chalcone synthase, includes at least seven steps in Antirrhinum. Precursors for this pathway come from the shikimic acid pathway which provides p-coumaroyl-coenzyme A and from acetyl-coenzyme A carboxylase which produces malonylcoenzyme A. In Antirrhinum only the minimum number of steps are operational. These give rise to pink and red flower colours. In other species anthocyanins are further modified by additional hydroxylation, glycosylation and methylation. which produces blue and purple flower colours.
Two agents involved in anthocyanin biosynthesis have been selected for particular study. The first is chalcone synthase. This enzyme catalyses the condensation of three molecules of malonyl-coenzyme A and one of p-coumaroylcoenzyme A to form the basic flavonoid ring structure. This step is known to geneticists as nivea, and lesions in the gene encoding this protein give albino flowers when its expression is completely blocked. The second step is one for which the enzyme involved has not yet been characterized. The pallida gene is involved with the conversion of dihydrokaempferol and dihydroquercetin to pelargonidin and cyanidin. Complete lesions of this locus give ivory flowers.
The two genes involved in these two steps have been selected for study because alleles of both loci are known that have insertions of the transposable element, Tam3. This has enabled both loci to be cloned (Martin et al., 1985; Sommer et al., 1985) . In addition, Tam3 transposes at very high frequency so that mutations of the loci, often arising as a result of imprecise excision, are commonly generated. In this way, new allelic series have been established for both loci by transposon mutagenesis. These alleles provide excellent scientific material for studying the regulation of gene expression.
Abbreviations used: kb. kilobases; bp, base pairs.
The pallida locus
The pallida gene is contained within two EcoRI fragments, one of 4.3 kb and one of 1.2 kb. The 4.3 kb fragment includes about 2.3 kb of upstream promoter region, and about 2kb of transcribed sequence. The 1.2kb fragment contains downstream coding sequences. Mapping, using Sl nuclease and ExoVII nuclease, indicates that there may be two sites at which transcription starts. Two putative TATA boxes can be identified between 28 bp and 32 bp upstream of each initiation site (Coen et ul., 1986) . Examination of factors that regulate gene expression has focused on the sequence just upstream of the start sites of transcription. Three mutations throw some light on the control of pallida gene expression.
The first of these mutations is that caused by the Tam3 insertion. The point of Tam3 insertion is in the 5' promoter region, about 41 bp and 74 bp upstream of the two putative TATA boxes (Coen eta/., 1986) . Tam3 is about 3.5 kb long, and when it is inserted at the pallida locus it completely blocks gene expression (Martin e f al., 1985) . This suggests that sequences upstream of the Tam3 insertion site are essential for gene expression, and when these are displaced by 3.5 kb, they can no longer function to promote gene expression.
A second mutation, that was discovered in a commercial line, Kimosy White, shows no anthocyanin biosynthesis in the flower. When genomic DNA from Kimosy White was digested with EcoR1, and probed with radioactively labelled 4.3 kb EcoRl fragment, the homologous fragment in Kimosy White was found to be smaller than the wild-type fragment by about 150 bp. Further restriction mapping of Kimosy White genomic DNA, with the restriction enzymes HindIII, Rsal, DdeI and NruI, identified this mutation as a 150 bp deletion lying just upstream of the TATA boxes (Fig.  I) . RNA analysis showed that this deletion of the promoter sequences completely prevents the production of pallida transcript. The simplest interpretation of this mutant is that the 150 bp deleted in Kimosy White include sequences that are essential for pallida gene expression. Alternatively, the 150 bp in question may normally separate away a sequence which, in Kimosy White, inhibits gene expression. The phenotype of the Tam3 insertion suggests that the first interpretation is correct. Smaller insertions, of about I00 bp, at this point cause large reductions in gene expression (Coen et al., 1986) .
A third pallida allele, pallida tubocolorata. blocks anthocyanin biosynthesis except in a ring of tissue at the base of the corolla tube. The pallida transcript produced by this allele is greatly reduced in quantity, but otherwise apparently normal. This allele warrants particular interest because of the nature of the phenotype it produces. Examination of wild-type buds during development shows that pigment is not formed uniformly during development. In very young buds, less than 5 mm long, no pigment is visible. As the buds increase in size, and start to protrude from the surrounding
